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(54) FORMATION OF CANTILEVER HAVING PROBE 
(57)Abstract: 

PURPOSE: To keep resonance frequency high and to 
enhance production yield by forming a probe pattern on 
an, SOT substrate at a predetermined position and 
forming a catiiever pattern as a silicon oxide film and 
removing the Si membrane of a non-oxidized part. 
CONSTITUTION: An Si substrate 1 and an SOI 
substrate consisting of an insulating layer 2 composed of 
a silicon oxide film and an Si membrane 6 are used and, 
at first, a mask layer 1 1 is formed on the membrane 6 
and, thereafter, a conical body 12 becoming a probe 
pattern is formed and further formed into a sacrifice layer 
pattern 7 by a semiconductor photolighography process. 
This pattern 7 is oxidized to form an oxide film 8 
becoming a cantilever 3 and a taking-out electrode 5 is 
formed thereon by an electron beam vapor deposition method. Next, an oxide film 8 is 
patterned to form a cantilever pattern 3a and the pattern 7 is subjected to plasma etching to 
form a gap 9. The cavitation of a probe realizes low mass and resonance frequency can be 
enhanced and the yield at the time of the removal of a sacrifice layer can be enhanced. 
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(54) jw*#T**:^wt-©jftfe*tfe 



(l) «*«#fiJHttft**<-«^ (2> s 
#»IfBfc, (3) £*#99«>!l[v\ 
Writ] S iHttt**»bja6!>*^±l-iMfc«* , »* 
j«5SOiaHR*rfflV\ / >*<tt (a) S i SIBUfB 

*»*i--5xa*jj:o 5 (b) Bfewffim-**-^*-^ 




(it«9 1 ] si mttA^&Ai * ^yzmdSk* 
Mf$.zti&mtm±t%.te&frb!$.z s i mmm&z 

ft-OSSSO 1 g«£fflv\ />4<itTEO (a) S3 
it/ (b) (DlSSr'tfoT, fcKgHt£ft-O^^IS# 
(OS i»R*:M»*1-5, »#fS:*i-i*>f-w<-0» 

(b) gBeoftW-fttf^^— ^***"*"* xs 

2] (b) iSrofftlc (a) is&fT5i»* 

[fff*43] (a) XgcO^lC (b) iSSrtTStt* 
lit*S4] (b) Igri*. w<-/^-y± 

[»**6]- s iwmat:* y7X-7x 7 fy^|i 
«t.o Tff 5 1 ftVL 5 <OV >-f 1 ^tlStt©*' 

So 

« 5 v>*< 1 1) i o^i^i ts^ia^t??? 

W** 6 

[W*JS9] soisk*, »fl:Bl**ri-5f5-<os 

i ^x^tfiros i ^^Srfln&L-c&^-u -to 2 

fo 5fS*« i -ftv u 8 wttifr i ^t-ta«<o73ffi„ 

[0 0 0 1] 

fl54rfflV>-Cf^S!i-5* v^w<-, ttSTM (Scanni 
ng Tunnel ing Microscope) . AFM (Atomic Tunnel in 
g Microscope) fti*©-^ ^ n*3 — -f'y^y-^t LX 

[0 0 0 2] 



(2) #P¥7-333232 
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[0 0 0 3 ] Zilb<Dft'mz± , 0. STM, AFMit' 

t>ix"CV^. -ecilfiiltlT, U. T. Duerigbl-<t 0^ 
/0 ^$nfcE1t3-=-y Kci3.lt 5 ("Direct 
access storage unit using tunneling current techni 
ques", U.S. Patent Number 4, 831, 614) #*>3. 
[0004] Z<D 3: otitic Wx.liK. E. 

Petersen!:: J; 6 "Dynamic Micromechanics Silicon:Tech 
niques and Devices" (IEEE Trans. El. Dev.. Vol. ED 
25,No.10. 1978, ppl 241-1 250) ^WM^m^ iot 

&XhZ> (W. D. Pohl. "Distance-controlled tunnel i 
ng transducer". U. S. Patent Number 5, 043, 577) . 
[0 0 0 5] r©J:3*HiH**#:'*w<— 

ttitit (image tracking speed) £±tf 3 r. i J5 s f# 5 
title, SiJ£^«;>>bB£+5S»K£5/'-l'* : £rli 

JO [0 0 0 6] -twfcftlcil, ai«f##*>"f-w<-co/< 

->U3 vfaig'ftJi, -> U =" ^SflSK, S i ^IC £ 

[0 0 0 7] 

ffiSritfSrtiSSt?*, 4fctt*B1*fl : 4.831.614^-W 

5. IBoT, '<*£»<&ttJ&4 0. 0 1~10 0N/m 
[0 0 0 8] ffioTs attl3±U!*y^w<-»IH:* 

50 [0 0 0 9] 



-2- 



(3) 



3 3 2 3 2 



(tttf) £ftoi><7)tf>#lgfl&#f ittfiTF©* (I) 

(K. E. Petersen, IEEE Trans. El. De * 
f R =i (3E 1/ (M+0. 2 3 
E I H*V5 : -W<-(0»fci2iSfe^~^>b, Mil 

[OOllU(I) i9, ^asJS«fti±lS«wW*i- 

[0 0 12] f (Di 94*frSrIfct*vf w<-©f 
jfcfrtei LT, T..R. Albrechtib (Method of forming 
microfabricated cantilever stylus with integrated 
pyramidal tip', U. S. Patent iNumber 5,221,415) K.X 
9, S i36K±|c«*Lfc->!; : a v*ft*Wf 

[0 0 13] L^Ufctfb, £<0#BH*fF5. 221.4153- 
©Si, Al, Ti, N i«f,;4fctt»R»Ct5^-C©^ 

[0014] *fi»*ii*©**il*a* 

ot^5^V'i'5'^^#7^ ; fSi&^#7740 Corning* 
[0 0 15] Rtt«a-fcT#5*i:*«tt*tW- 

5 0 0 AeiTfc»;t. ^ra*teqzffii5)±£&£-r£& 

[0 0 16] £fb(-, mffili^v^ w<-£Jg)#Lfc& 

[0017] *g^f*4,83i,6i4-^;fflt : i-E»cw;fr)£ 

Til, Sttf+#K>*^W-?— £ h7^^*S iS 

1"5 S iliS-Cli, S i »RSi.hfcKflSll, lIMtift 

ii, ^tiP><Og©^J¥^-li£4Sffi»t*t-L-C3~5 jml 
«t 4 5. ft^T, r©#BBW«F4.831.614-»W»*lw 

«tfl:|cSljfi1-5fc»li«tfroi*!* i LT'>fc< i t 5 <i 



♦ v., Vol. ED25, No. 10. 1978, p.1247#RR) , 
[0 0 10] 
[ftl] 

m) ) °- 5 /2/k • • • (I) 

[0 0 18] Sfefc, &ft«SGDflfcJ:U : 4gft£*r1-5 

9 ft Si:, ggfcr&^lCiiKI-S&.g^fc 

So 

[0 0 19] tfJxtf, RUfrcoffiMSr^^^^xVlCfc 
- £±[§]5„ S*f**!<i-5fcffv\ * (I) 

«*s J: tftttH««*r*+- t tcftS. 
[0 0 2 0] 4fc, *B**fflF4.831.614#Wtt*-eB:, 

f-ypx-ft.* vf- w<— <£ 5 ftjS^*gj£#liffl£l-3i 
20 9tt# (sticking) £M#@9©<g;T£}B<. 
[0 0 2 1 ] Z<oio fc|HJBj*fc**-C, 
(1) «tti6«J*tgJSft*Sri*<i%<5, (2) S i StE± 
Lfc h7^^ *omftEB 

ft, o) is^S9tf^ii5v x ^li^^*<"^5*>?■^''•'— 

[0 0 2 2] 

[K)BSr«*-r5fc*0^i!:l Jh!2c£>glft&ifj3;-f5fc 
fed, **Wtt, S i Hltt£a»6rt$0*^±U:SMUH 

30 £*fCJ*5SOl2&K«:J8V\ kiiT&n U) 

*3<fct)< (b) OXmSrtToT, fcicgHtsn-c^ftv^ 

[00 23] (a) S ifcBGSffifcftflSLTS/y 

(b) m&<a&M\z&fts<?—y%tefSii-Z>x& 
#3883 fi, SOI S«lc*5lt5 S i i$Jf £48te/Ii: U 

s imm^mitLtzmtm^^yf-^^—^-ytL 

t)lv^:ii:J:oT, s i S*t»^Lfc***«Ra 

9, 7j>^w<-£^£1-$r fc^FigtftS,, itvl- 
±9, #!§t<Oiii «fl-©lt*U:J:5#fi« 
&&OfrF£ffl;tSwi:^Bgi:ftS. *;fc, tfW-u 

£<9ftmL1t*y1- l"<-lcit-<T« 
R}^fiS;iilSI-4C55C^ (intrinsic stress) ^'>* 
< is y f V 9 # lili*^ t O i * 5. 
[0 0 2 4] SO l£Etts ^1<75S i HUSft*>?>*« 



5 

tO 0 2 5] &fttoiXf$>"?-l"<-ZMl$.-? ; bZM 
14, S iSWtO-»«:l»*U*:*»w, S i MRSrlMttf 

14, #>^w<— /<9 — y±lc^ t*y h (Spindt) felc 
J:!Jffi36$ft;fc;frfe (C. A. Spindt et al, "Physical 
properties of thin film field emission cathode wit 
h molybdenum cones", J. Appl. Phys. . 47. 1976, pp5 
248-5263) fc/fl^TfEHi-S. Z.tlt**S?-u;<-s<? 

ii c -c* y v << * TS5cosaiEi^*-r 5 m & * * v ^ 

[002 6] tiLtotm ZKi&tttfet L"CI4, S i W 

(KOH) , zkgtffc^ hypi^uTV^e-^ATk^fS 
(TMAH) 44f<oryw*y*»«fcJ:o-C3is'^v^ 

S i*Ml0>— ««r»*Lfcafc:, IMb'>y avlMkil*: 

[002 7] J; 9 h V^Ht8IESr*lH+5»fr t 

^w^£S£m^i-<t9l£&£Ht5*&l::f4, MIS*m 
[0 0 2 8] S i SMIfcMgcl-SiaH:, ifilSfcJ: 

s/^V^T-14, S i fcWlttfcayT-V^I-a^s'^l' 

\Z» t L V ^ v f- s ^*i£l4 K9-Y*yf-^^-C*>t», 

359tt# (sticking) Z®M-f?>-btfX'%Z. 
[0 0 2 9] KJ£tt#*i: LTI4, CF4, SF«, NF 
a, CCU, CC 1 2 F2&iftf>#* *ffll^-C7 , 7 X-7i 



(4) ftHW 7-333232 

[0 0 30] 1" tefrh, S O I SSKfctti S i i$flg& 
fcttJiiU s i WKfrifefcLfciMkR (*:/f-w<- 

;o [0 0 3 1 ] *^f-u^-i4s i £&{t;1-5r i 

-fcJt^T*lJB*J^Sfc££*JWitfJ (intrinsic st 
ress) *>s1r\/'<—<n&.*)ft\Z&t£^\><r>k 

[0 0 3 2] * Sf- U/<-J4 S O iS&eDS i 

U'/<-<o3t»«li:l6lMltio|ll]lJ:»**ffitt*<» -fc 

20 [0 0 3 3] £Jl±Oj: 9 fc. *JBW«>*tt-e»:, S i » 

t. asfttWEs iatittriMbLfe^ya^iMkBt**^ . 

MISS i SfBISr^-firilCtt)*^^-*^ 
[0 0 3 4] &&i4n,Xj)>3-Vs<—$:S i 

[0 0 3 5] SfeK, S i»Bt*«ttJli:U-Cffllf\ -t 

ivi:yy^^y^yf\zX^X^i-i,^tX\ 1iV 

[0 0 3 6] 

40 [0 0 3 7] 0itt*«W<0«fl-4r*1-* 

[0 0 3 8] H2(C*5V^T, H4SiS&, 2l4Si» 
3&mMfrbt£S*sf-l'/<- > 4liggff, 5 14® 9 
0, *>f-U/<-»iSOI»4EOS iJ»R*fR»flSL-C 

50 mttmm 2t<nmc%£ftm\ik< , -#assii*:bi 
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[0 0 3 9] El 1 SrJg^T, m 2 |C^1"* >^ U^-CD 
«/*^W*RM1-5 (Hio&Hi*H2tf>A-AKfrBnK 

[0 0 4 0] i^^yf-w^MiScffl^^soi 

s«Ht. sissi, *>y =v*fb«j:9*5aa»2 

&£ifs ii!6 J: 9 #5 (Hi (A) ) . 

[0 0 4 1 ] rc0SOlS«OS i»«6J:Ka»H&* 
rstfeOS iOHItfrSrJBfilttt (01 (B) 

(C) ) „ S i Ri^Mlt, 0. Woltertb ("Microm 10 
achined Silicon sensors for scanning force microsc 
opy", J. Vac. ScL Techno I. B, Vol. 9, 1991, pp135 
4-1357) lilEttSJxTV^S i^6*5«tt»**St 
qSCTfTofc. itltt, (10 0) fficDS i*ffl£K6 Jbt- 

{gjEcvDft (lpcvd) srt^t^yayaikK 
^-vjKau.Hi (b) fc^r^y-^afcR^b 

^^^ill«Uct, 3 0%KOH*«»«w 
J:5il (C) <Dm$t;<*-ytteZ>Hmfrl 2£M& 

[0 0 4 2] ftfc, RiMMUcSiliim* 

7 Z&f&Ltc (Hi (D) ) . 
[0 0 4 3] K**fctt»* • 

«&SLfc (Hi (E) ) . :tiia^ » 

[0 0 4 4] r^iMfcRs JifcX£^*te<&-«^fc£ 
tr- A«3tsfeic j: o r ra-o*s#HftT-eita! l 30 

TCrSOnmiP.tlOO nra^It^ 7t MiV 

&»J*Lfc (Hi (F) ) . 
[0 0 4 5] tOft, W8^7th!iy^77^ 

a£JfML (Hi (G) ) , S^tSFfi^W^: 

^x-^aiy^y^ J: 9 s i a*&*S5«ttJl/**-^ 

7*K7^^y^>-^L-C$BR9*:^Lfc (Hi 
(H) ) 0 

[0 0 4 6] J&LbOXSlC^oT, m2<Di/}) ^^mt 40 

[0047] ro#:^w<-o«itffi#i*, gtfblRJ: 

ccrtpt^aistitio^ aittrtattaflfctto 

[0 0 4 8] *fc, #£*Wfcj3^Ttt* RftSftft** 50 



1#M¥7- 3 3 3 2 3 2 

<? 

o fc S i J9Ro|ft£tt H7^x 7 fy/|:iotRc-r 
v\ 

[004 9] (HJS«2) H3, 4^5J:^5(i, *<0AB 

[0050] B6tt*<DlgK£oTftslSLfc&#** 

[0 0 5 1 ] E6l:feVt, 2 1ttSiSK, 2 2BS 
OlSffil-*3(t«*fei»Ji, 2 3ttS i LJgfifc 
Lfc->y = v|MfcBIJ;9fifc5*filWB, 2 4 I** tr'v h 

V^a8K*St9ttl1-»9ttlLttffi, 3 0l*&ff2 4£ 

[0 0 5 2] Si Si£2 l 4:igSbfl:4£3 0 <oBnfcK»W 

«t oT^&^it^o H 6 IcutH^ LTV^ftv* 
t\ S i SffiJrKttMO S h7>Vx#i>SJ&l&&tlX^ 
£ (H4i3j:I> + 5(cH^) c 

[0 0 5 3 ] STF, MOS h^V^^^OffM^n-fe^ 

£-a£>r, a 3. 4*3±W5S:ffli^ ^t+^-rs* 

>^W^-OJfM^J^^-r o **3, 0 3, 4fcjfctf5* 
co£H ( (A) - (N) ) (1, 0 6CO-B-Bl8rffit£ov> 
X<Dh<DXhZ>„ 

[0054] SOlSffi<bLtll 

zm^xmtmz x 9 itm t it ~> y => vBtftRa* e> * * 

^»Ji 2 2 4r#-T 5 SiIl2U21a ^r^fb^^l? 

fcfc^Srflj^fc JH3 (A) ) 0 n-MOS* 
»5fc»K, S i ^ttpSfra^fc/Hv^fc. KM2 

2<OJ5lJ¥te 5 0 0 nm<h Lfc 0 

[0 0 5 5 ] r^iJKUatnfcSOlSfi^S i 
1^2 1 a SrH^±aa^5>WfiU HHJ¥2 mnOS i 
R2 6^Ml/; (H3 (B) ) 0 

[0 0 5 6] RC, SiHl«:7^h!jy^77^P 
i?*£ffl^T^- = >-^U H3 (C) {O^liittJi 

[0 0 5 7 ] ^(d, ^OlSttS/^-V'^^l-^Sffi^ 
Rfk^Srfflv^TKfkUT. »{bR2 8S:JgfiKLfc (H 
3 (D) ) . WtttJi^^-^i-C^iSfbBI^JS^ttO. 

1 /ami: 4 9, MOST-^)7^-/l/K»{blR4 2 t Lt 

[0 0 5 8 ] n -MO S * S i 2 1 ±(I^ 

Lfc. 1-ftfe*> % H3 (E) t^L7ti9l3, 



(6) 
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KttfldR4 2 LT^- hmtB3 1 

L, ^-|-tg3 2i<i:5Mi->y 3 ^^LPCVD 

i:tML, /<?-sy^UB4 (F) oi5*»jS 

t LfcL 

[00'59] ifel^ y-hK{klK3 liSitW-r-ffli 

-^fe<t K W >- i 'ft 5tt*«« 3 3 Lfc (0 

4 (G) ) . 

[0 0:6 0] PSG (!)^7^1) % 1 m mfifc 

3 5fcj!?£Lfc. &^-C\ y-^iVKWJ'tti* 
Otmmm t<C5Alti34 U y S"< 

->3^I3 6i45a-S iN ( 1 m m) £04 
(H) lc^1-i5l-s i H4tNH3 Ki t) 7* 
7X-r:CVDtTJgfi£LT, n -MO S 7^- 
^ Kife'fkJKSr'S'fefc n —MO S C0H/?I2#-J 3 m mX'h-o 

fc. ; 

[0 0 6 1 ] ^rW^, 8<tK2 8Sr^-=y/LTA 
yfl/X-^->2 3a«L ®4 (I) ) , i 
IE* S*f- U;<—s<?~ls2 3 a ±KJE2S£#jfe<D— «"C 20 
fo5 K- A3!S#ifcfc £ *) n-XS^BBft-CXtt LT 
Cr (;5 0nm) tAu (lOOnm) SrfifcJBIU 7* 

«ffi2!5:fcJ;lWSB«imffi-3 OSr^fiELfc (04 
(J) ) . 

[00 ; 62] fcte, ^trVhb»cJ:0«3BSitfc*ft4r 

[00;63] @4 (J) T*^L7tS«±lrUv;x h £ 3 

nmrn^u a 1 13 8&n£M%&&m^xi$te\^ 30 

7* V}) y^77^Bt7»<TAl!3 8ic#y 

W !I*U 7-f^3 9TMiyf >^Lfc (135 
(K) ) . «^K--A3R*ifelcJ:OAuJ:0j*6«ft-m 
ttl4.0*fi!WU 3 ymOffi$Ogiiff2 4 L 
(12 5 (L) ) , u^h«r»»i-5*«*JWfc-cy7 
h ;i-7 J: DfcSLfc (ES5 (M) ) . 

S Fefci 9 Si*»e>*5*ttJi^^-^2 7 «rK 

[0 0 6 4] UU^IgK J: 9, ll 6 Kip Lfc&flHfcle] 40 
K * — #f k L t »«/3 Id J: D ^ffi PTtE * S T M 7* o - 7* 

->-<— i/ 3 Vffii iilJISl— fg^(D* >^u-/<-S£ 

i-ftt)*>, *3S160!-C»e>*ifc 
* w^-lcfc^Ttt, jfclHtfH, 831, 614#*i it/ 
5, 043, 577-§-?^ffl*|C|2«cO||J£0iJ £jt« LT, 
KS«rfi<-r5rta<-C#fc (S iS«Blc»jftLfc* 

[0 0 6 5] *@#H : 4.831.614^BJ^S{Cfe«tc7)^-i' JO 



#$¥7-3 3 3 2 3 ? 

7*. 1-&b*> s Sfiffi<07-f«-/l'KSf{kK.4 2*ffl^T 
f^St Lfc&$rtf-# <D7J Vf- w<- £#fg93 WH^J 2 Id 

IS!-) . S iiS«BB3»»e»©««-4tjSffiBSria— 
[0 0 6 6] gfl-asfc^a^w*— ©*fi 

J3«t^*ic 5 o k h z ■? , unzirttzm-S; m 

%0'&*V>?4 7' {m>C&$: 6 M m) iJ* 1 5 k H z Tfc 
cfcCDlCSffLT, (BtKft 
$3 wm) f(43 4 kHz ffi*08BW#**^ 

^-Srffl^Tf^l»tfcSTM7*n-7'tt, KUSft^ 
[0 0 6 7] *5IWW*V^U^— li^/U^ros i 

TSS^efi&i@§ld£C5X]£:7J (intrinsic stress) jjs 
'h£< , A y f ^<-©g 9 iJ.iiff ftv ^ © i: Jiofc. 
[0 0 6 8] £fc, #38WO^j$;frfeldJ:oTJgjj££;h. 

"Cli, n-MOS F7>^^oWlil:^w 
KWLfcAS, A-ftf— 7 h7>^^Sr^tpB i -CM 
O S 7*o -tr^lco^T t fi^^ftSrffl^-CJ&iKI-S C 
t^BTfig-CfcS. B i -CMOS*^fiJt1-5«-g-|CI4, 

vsrtictij, so iS^^^-|-sr.t^piHgr-fo 
5. b i -cMos\zxmm^mm^m-r^TMi:U 

(ttf, n-MOSSr3gfi£-f5XSttl5l£^eif07'B-fe:^ 
[0 0 6 9] 

0, ( 1 ) ^Sr3> LT\ >^ 4" S i i 

&^5ri?<{Sor.iz!i5t?t, (2) SOlSSlcfflv^b 
s i »«±ic h7^^ r t r*^» 
*8JE]IS4:0*8[fW«BniBi:*l», (3) *^u/<— 
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